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ABSTRACT 

Iodine  I)  fluorosulfate  (lOSOgF)  and  tri- 
iodine  iiMorosulfate  (l^OSO^P)  have  been  prepared 
by  the  reaction  of  lod'^ne  with  perDxydlsulftsryl 
rllfluorlde  *  Their  solvitions  in  flv.oi'o- 

sulfurlc  add  have  the  colors  and  spectra  character- 
xstlc  of  tjie  I  and  ions,  respectively.  Dichloro- 
nuorosulfatoicdlne  (iClgOSO^P)  has  been  produced 
i>OD  chlorine  and  ICSO^P.  Iodine  (III)  fluoro- 
sulfate  de<o?]pc383  slowly  v;her  under  vacuu”n  at 
about  80°  o  90^  to  give  iodliie  (l)  fluorosulfate, 
which  renva.ns  v;ith  the  unreacted  1(030^?)^^  and  the 
volat^ile  products  SO^,  IF^COSO^F)^  and  an  unidenti- 
ied  substrtince  •/hlch  mac'/  is  iCOSO^P)^. 


X  . 


Pero^disulfuryldifluorid^  is  a  very  convenient  starting 
raaterlaj.  for  the  preparation  of  halogen  flnoro sulfates  using  the 


P.B,  Dudley,  and  Q.H.  Cady,  J.  Aw*  Chem,  See.  513  (195^). 

following  route*.  »  ^XCOSO^F)^,  in  which  n  =■  1  or  3. 

The  following  compounds  have  been  prepared  and  characterized: 

FOSOgP,^  ClOSOgP,^  BrOSOgP,^  BrCOSO^P)^/  and  iCOSOgF)^,^, 

Another  coiqpound,  IF^CosOgP)^^  vms  prepared  by  allowing  to  react 
5  ' 

with  POSOgP.  Some  evidence  was  obtained  for  the  possible 
existence  of  lower  fluoro sulfates.^ 

2  ~  ~  ^  — 
J.F.  Roberts,  and  S*H.  Cady,  J,  Am.  Chem.  Soc.  8I,  4l66  (1959). 

Gilbreath,  and  O.H.  Cady,  Inorg.  Chem.  2,  496  (1963). 

4 

J.E.  Roberts,  and  G.H.  Cady,  J.  Am.  Chem.  Soc.  82,  352  (i960). 
J.E.  Roberts,  and  O.K.  Cady,  J,  Am.  Chem.  Soc.  32,  354  (IS^O). 

Reactions  using  iodine  in  an  excess  over  that  required  for 
iCOSOgP)  yielded  green  to  black  liquids  or  brown  solids  of  various 
oonqDosltlons.  The  excess  iodine  appeared  to  be  ch^nlcally  bound 
since  it  could  not  be  removed  by  distillation  or  by  extraction 
with  perfluoromethylcyclohexane .  The  reaction  of  Id  with  an 
excess  of  S^O^P^  finally  gave  iCosOgP)^  after  an  orange-red 
colored  intermediate  was  observed.^  Tiie  reaction  of  CP,I  with 
^2^6^2  CPjOSOgP  and  a  mixture  of  iodine  fluorosulfaten.^ 

g  ~  — — — - — - 

J.M.  Shreeve,  and  O.H.  Cady,  J.  Am.  Chem.  Soc.  85,  452  (1961). 

F.  Lustig ,  Ph.D.  Thesis,  Ohlverslty  of  Washington,  I962. 


In  th#  abov>}  procegseo  reacted  as  a  pseudohalogen# 

“niia  t/pa  of  behavior  also  has  occurrad  In  reactions  of  S-O/rF 

2  O  2 

with  chlorides  to  ,Uve  free  Cl^  and  fluorosulfatea.^'®  Just  ao 

^  __  _  - - - 

M.  Ujstlg,  and  a.'l.  Cady,  Inorg.  Chain.  1,  7i4  (1962). 

Clg  adds  across  a  'jarbon-carbon  double  bond  to  give  a  dlchloride, 
^2 ^6 ^2  to  give  a  difluorosulfate.^  The  fonnatlon  of  halogen 

fluoro sulfates  may  therefore  be  considered  as  analogous  to  the 
formation  of  Inter^ialogen  compounds .  As  in  the  preparation  of 
I  Cl,  where  Btolc:\lometrlc  amounts  are  allowed  to  react,  the 

9  ~~  —  - - - 

J.  Comog,  and  R.A.  Karges,  J.  An.  Cliem.  Soc.  1882  (1932). 

conpound  lOSOgP  hau  now  been  produced  by  the  reaction  of  aqul- 
molar  amounts  of  tlie  reagents.  of  high  purity  was  distilled 

from  a  calibrated  ',*rap  of  small  internal  diameter  onto  a  weighed 
equimolar  amount  or’  iodine.  As  the  material  \irarmed  tc  room 
temperature,  a  reaction  occurred.  This  method  permitted  one  to 
add  in  an  amount  within  4  mg  of  that  desired  (less  than 

0.5>^  deviation  fron  the  theoretical  value).  In  order  to  avoid 
interference  by  tha  reaction  of  stopcock  grease  with  ?  a 
sealed  reactor  wltii  a  breakseal  attacliment  was  used.  The  crude 
product  obtained  in  this  manner  had  a  broad  melting  range  from 
35  to  65  »  lndicat..ng  the  presence  of  some  unreacted  iodine  and 
I(SO^P)^.  To  get  £.  complete  conversion  to  lOSO^F,  the  ml:<ture 


was  heated  for  one  hour  at  about  60*^ .  The  resulting  product  waa 
a  dark  brcnm  to  black  liquid,  which  oolldlfled  to  a  black  solid. 
After  storing  a  sairple  In  a  sealed  i^ibe  at  room  temperature  for 
two  weeks  or  more,  ^nall  gllatevilng  black  crystals  cou'’d  be  seen. 
These  had  a  sharp  melting  point  of  51. 5°.  No  and  only  a 

trace  of  SlP^^  could  be  recovered  by  p>iiii5plng  at  room  te!i?)erature, 
indicating  a  complete  reaction  and  negligible  attack  upon  the 
glass  vessel.  The  substance  was  very  hi'’gro3coplc  and  reacted  as 
a  strong  oxidizing  agent.  \'fhen  it  was  dissolved  in  CHCl^ 

or  CPCl^,  chlorine  was  liberated  together  with  COCl^,  CO^  and 
SgOgP^.  Ttie  brown  solution  in  CCl^  absorbed  llglit  in  the 
visible  region  at  4640  8,  the  exact  position  for  I  Cl.^®  The 
results  indicate  the  following  reactions: 

SIOSO^P  +  CCI4  -  2IC1  +  +  COClg 

41OSO2F  +  CCl^^  -  4IC1  +  +  CO^ 

^®A.E.  Oillam,  and  R.A.  Morton,  Pr.  Roy.  Soc.  A  124,  61O  (1929). 

Atteiapts  to  prepare  an  addition  compound  with  pyrldin'' 
resulted  in  a  pale  yellcsf  solid,  which  decomposed  quickly  to  a 
bro\'m  oil.  The  preparation  of  [l(py)2"^S0^P  by  Schmidt  and 
Melnert^^  using  Ag  SO^P  and  In  CK^CN  as  solvent  and  in  the 
presence  of  pyridine  also  yielded  au  unstable  product. 

Schmidt  and  H.  Melnert,  Angew.  Ch.  jQ,  (1959). 


To  substant  .ate  the  character  of  loso^p  aa  a  true 
I(l)-coi.ipoiind,  spectroscopic  ueasurementa  were  made  usln^  fluoro- 
sulfuric  acid  ao  a  solvent.  This  liquid  ^fas  not  attacked  by 
lOSO^  and  it  did  not  oxidise  to  I*  (aee  evidence  in  Table  II ), 
It  has  been  rcportf^  to  dissolve  ICl  giving  a  blue  co]or^^  but 
no  spectrum  vma  ob  served , 


12 


*!•  Arotjlcy, 

12, 


H.C,  Mishra,  and  M.C.R.  Syrons,  J.  Chem.  Soc 


1951, 


The  existence  of  I^-cations  In  solution  has  recently  beer: 


established  by  tneanuring  the  ultraviolet  and  visible  spectra,  the 
magnetic  suaceptib..lity  and  the  conductivity  of  suitable  solutes 


in  Oleam  as  a  solvent  (whei^  SCXj  acts  as  oxidizing  agent  ^ 

Ihe  I  ion  has  alo-)  been  produced  by  dissolving  a  little  iodine 
IR 

in  under  certain  conditions. 

Symons,  J.  Chem,  Soc,  I957,  ;587, 

14 

M.C.R.  Symons,  J  Chem.  Soc.  1957,  2186. 

15 

T.  M,  Co.nnor,  an, I  M.C.R.  Symons,  J.  Chorn,  Soc.  1939,  963. 


J.  Arotolq/,  H,C.  MJshra,  and  M.C.R. 

2582. 


Symons , 


J.  Chem.  Soc,  1962, 


17 

J.  Arotsi^y,  and  II.C.R,  Symons,  Quart.  Rev.  XVI,  282  (1962). 

18 

Oreenwood,  and  D.H,  ’.'Tharmby,  J,  Chem.  Soc. 
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Tho  eompounc  lOSO^F,  disEolved  readiiy  In  fluorooulfurlc 
acid  givinc  a  blue  color,  (ir  the  sample  had  booone  partially 
hydrolyried,  a  greer  solution  was  obtained  due  to  the  presence 
of  some  I*  ions.)  The  absorption  curve  shorn  in  Fig.  1  had 

at  6380  %  (1.567  x  10**  4840  S  (a.o66  x  lo"  crn'i) 

and  4C40  8  (3.475  J  10“  cn-'^).  with  optical  densities  of  l.io, 
0.35,  and  0.403,  respectively.  These  results  a-e  cornpared  in 
Table  I  with  those  found  by  others  in  oleum  and  IP 


Table  I 


Spectra  of  Solutions  Containing 


Solvent 

Solute 

Absorption  maxima  9 

Reference 

65/j  Oleum 

z^/so^ 

6400 

5000 

4100 

12 

65)^  Oleum 

I  Cl 

6400 

5000 

4100 

12 

Oleum 

em 

5070 

4130 

18 

^5 

^2 

6410 

5060 

4l80 

18 

1P5 

I  Cl 

6430 

5150 

4200 

18 

HSOjP 

lOSOgP 

6380 

4840 

4040 

A  ^eOlspa^lDon  shows  that  the  absorption  maxli^  in  HSO^P 

occur  at  somewhat  lower  wavelengths  than  in  oleum,  mis  must  be 

due  to  the  solvent  rdnce  the  shape  of  all  c-iivea  and  the  relative 
optical  densities  a^;ree* 


Ihc-  eAlstsros  of  cations  in  soiuiion  auggesteii  the 
possin^^M-v  tluit  IDSO^F  in  the  solid  state  miciit  lisve  an  ionic 
lattice,  coim^oiaKl  ms  foiaid  to  te  diamagnetic,  hrx.fever, 
thereby  nvuggestlnr  covalent  bonding. 

former  ooseryation  that  it  is  vary  difficult  to  remove 
an  excess  of  ovar  that  required  to  give  lOSo^F^  indicated 
that  another  lox;er  iodine  fluoroaulfate,,  perhaps  of  the  compcai- 
tion  I^OSO^P,  inight  exist.  Ihe  exlDtence  of  cations  together 
^ith  .  fs  at  f  11  postulated  by  I.  Hasson, when  he  dissolved 
end  In  sulihiric  acid  and  obtained  a  brown  solution. 


15 


!•  Masson,  Ja  Qiemo  Soc.  19^,  170B 


Reports  at  materials  which  nay  have  contained  e  positive  Ij  group 
so  tack  to  1862,  woen  Lensaen  and  Loswenthal^°  observed  a  trown 
1.1  addition  product  of  and  "lOH"  In  .cidlc  aqueous  sclutlon 
formulated  as  "1^01".  Tlieae  reoulta  were  confliTsed  by  others.®^ 


20^  -  ^  ' 
Ev  Lenssen,  and  7.  loewentlial,  J.  Prakt.  Ghem.  219  (1862). 

A.  Skratal,  and  ?.  Buchta,  Qiom.  ztg.  1194  (I909). 


Spectrometric  measirements  by  Sj^Tnons,  et  e,l.^^  led  to  the  assign¬ 
ment  of  absorption  maxliaa  at  4600  g  and  2900^  for  the  cation 
in  and  an  adUtlonal  shoulder  in  the  3300  H  region  for  the 

CQticn.  There  ;ere  no  reports  of  the  I'-jolatlon  of  it  or  it 
ccntainlr.g  species. 


8- 


The  cosipound  I^OSO^f  has  now  been  prepared  usii^f  ’"he  type 
of  proced'jj'e  described  above  for  lOSO^P^  Only  a  ?vnall  exce^js  of 
over  that  stolcMoirietrioally  required  was  used  and  the  reaction 
ms  run  in  the  presence  of  dry  air  at  one  atmosphere  pressxire. 
After  standing  for  12  hours  at  room  ten?5erature  the  reactor  v;as 
heated  in  a  \fater  bath.  At  teaperatures  somewhat  above  60*^  a 
black  liquid,  presumably  lOSOgP,  and  a  dark  solid  vtevQ  present. 

At  85*^  a  reaction  occurred  and  the  liquid  phase  disappeared.  Big 
IwapB  of  a  bi'own-black  solid  were  formed.  By  cooling  dovm  tc 
ilqtild  C'j  temperature,  the  solid  lumps  broke  up  to  a  fine  brcn-m- 
black  perkier  which  melted  at  92®  with  dcconpooltlon  llbex^p.tlng  I^*- 
Excess  iodine  vras  removed  from  the  black  powder  pumping 
at  room  temperature.  Only  a  trace  of  S^O^Pg  was  found  in  the 
volatile  fraction.  The  con^xoaltlon  of  the  sJlid  oorresponded  to 
the  fonaulR  I^O.^OgF.  Itie  oesnpound  when  dissolved  in  HSO^F  gave 
the  spectrum  shown  in  Pig.  2.  Surp^lBlngly,  dissolved  in 
HSO^P  showed  almost  the  ssjne  spectrum.  Ty  contrast,  iodine  in 
showed  a  single  absorption  maximum  corresponding  to 
while  I^OSOgP  gave  essentially  the  same  spoctrua  as  In  HSO^P. 

The  results  are  given  In  Table  XI. 


Table  II 


Absorption  Spectra  I>ue  to  it 


Solvent 

Sol  ite 

Absorption  maxim,  h 

Optical 

Density 

HSO^P 

I^OSlgP 

4670 

2970 

0,550 

O.BO5 

HSO^P 

h 

4740 

2970 

0.524 

0.692 

96j:;  HgSOi, 

IjOSOgP 

4620 

2900 

0.535 

0.705 

96,^  HgSOj^ 

^2 

5020 

0. 

23c 

HgSOi^ 

I*(Rsf.  16) 

4600 

2900 

Ttxmse  results  indicate  that  I^OSO^P  gave  the  ion  in 
fluorosulfuric  and  in  otilfuric  acids.  No  xtas  detected.  The 
solution  of  Ig  in  IISO^P  also  contained 

I^OSO^P  was  fo%md  to  b©  extremely  hygroscopic  and  Iodine 
crystals  were  f orchid  at  once  on  the  surface  by  leaving  the 
substance  in  open  ?U.r.  Bie  fact  that  all  iodine  in  excess  over 
that  required  for  T^OSOgP  could  be  distilled  off  easily  left 
little  hops  for  tho  possible  preparation  of  I^OSOgP, 

The  reaction  of  iodine  with  in  a  ratio  of  1:2 

produced  a  dark  gnven  viscous  liquid,  probably  a  mixture  of 
iCosOgP)^  8uid  lOSO^Fc  All  attempts  to  crystallize  tills  product 
felled.  By  cooling;  to  liquid  Og  ten?>erature  a  dark  gi'een  glass 
was  formed.  Ihe  above  observations  together  vrith  these  of  Roberts 
and  Cady  shovj  tha«;  SgO^Pg  and  iodine  react  completely  in 
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proportlons  x*anglng  fr<Mi  ItJ  to  *1  to  form  iodine  flucro sulfates. 
Pure  lOSOgP  could  therefore  only  be  obtained  by  reacting  eq'iimolar 
amounts  of  the  reagents. 

The  reaction  of  chlorine,  in  excess.  Kith  lOSO^F  gave  the 
compound  ICI2OSO2F  an  orange-red  substance  cf  less  than  100^ 
purity  which  was  not  completely  solid  at  after  distilling  of 
the  excess  cf  Clg.  TJpon  varming,  the  last  of  the  solid  melted 
betneen  3^-35  •  Trfo  other  oon^Knmds  IClgSbClg  and  IClgAlCli^, 
are  known  to  contain  the  ICI2  group.  Attempts  to  prove  the 
existence  of  ICl^  cations  iti  solution  have  failed;  the  structure 
was  determined  by  X-ray  diffraction.^^ 

^C.O.  Vonk,  and  E.H.  Wlebenga,  Rec.  trav.  chlm.  28,  915  (1959). 
^^C.O.  Vonk,  and  E.H.  Wlebenga,  Acta  Cryst.  IS..  859  (1959). 

When  iCOSOgFij  was  heated  to  114®  at  3  cm  pressure  by 
Roberts  and  Cady^  deowopcsltlon  was  noted  '.?lth  formation  of  a 
green  liquid  (approximating  in  con^oositlon  IOSO2F)  and  a  volatile 
product  reported  bo  be  S20^F2.  This  decosposltion  reaction  has 
noK  been  studlM  1 1  greater  detail  and  the  conclusions  differ 
somewhat  from  thos  *  of  Roberts  and  Cady.  A  color  chai.,e  to  green 
cucurred  even  at  6*j®  within  one  hour.  Even  by  leaving  solid 
1(0302?) j  at  room  temperatvxe  for  48  hours  the  solid  started  to 
melt  and  a  little  color  change  was  noticed.  In  no  case  wts 
obt€ilned  as  a  decaiposltlon  product.  Instead,  the  colorless 


i  f,  ti^  4  itiljC^yiV  C>^  i  jYjj 


yvStu-,  pr^vJaUua  -  r^poT-C^;  '  i3)0\ma  TF^i  OSU^P}^.  A  HF  411 

^  uiMa.mn^  aolld  wai.  aIs  Pt^..ant  1t» 

ndxtum.  gf-nemt  i'#asUor,  aan  th.?r-afoi-e  h^  ^or  ^t  t<. 

>c  abasntj^l^  t>«  ■  atlur  s’iuw-i  by 


m  iry 


IP^COSO^F)^  #  ?! 


■■  •  ^  ri--’'  -i  !*►  ^-j^rtl,  v..lit:^.- 

*it  t*-  ar«ra &>.:■•  a.?-'.  #S’v*»»  -.10^  n-*  ^ 

J.  ,  .  «r  iM  /it-,  jc^  ata  pi  ■  'UTiT'  I3; 

rnld  V*r7  3Xow3y  «  xSittii...  aw^y  n  ««  wbita  solM  Th.. 

«.w  j,u.  ,  !  1.,  ^aj,tii.,  ,,1.  ,0  ,.  100  ng-  a  good 

*d.vir,f.noat'.or.  „,3  >.w,. -,sfM3:y  A  .'ii: .'ur  atid  ITdlDb 

d«t,«nii!j-,atlr>n  .'Iiigs;.*5t«'-*  a  v--inip.ja<tl(ir  jJose  to  Koso.p)^^. 

residua)  lOSO^P  obtained  by  the  aboys  disproportlona- 
tl.Ui  31ssol„«j  to  ,{5.ya  a  blus-gr,*,  color  In  HSOjP  Ineomplelw 
"!•:  staUibstloii  at  fo  alai  uxdlaated  an  lasnire  product. 

Wirthar  evidence  for  a  disproportionation  of  I(III)  tC' 
K.,?  and  1(V)  was  found  «ber.  the  visible  and  ultraviolet  spectrum 
In  Ut  jF  was  .«oau«-5,  l(es',gP)j  dlsoolved  readily  m  HSO3F 
.-''■/3'vx  a  yellow  color  change  it  the  abrorptlon  spectrum 

eSvop  In  Fig,  .1,  Ou»>ve  1  shows  the  apeetrum  obtained  after 
0  •,  r<,*lodt«l,v  1/d  hour,  ibnorptlon  maxliaa  are  only  lll-fonned  in 
6  00  region  and  also  m  the  >000  and  JOOO  region. 

After  56  hours  tt-  color  had  changed  to  blue-gmcn 
(suive  a)  D  1  after  another  24  hours  to  blue  (curve  5).  ■». 

r«^nltn  art  ll*t*d  Irs  iVibls  nin 
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liable  III 


Tine 

1/2  hour 
36  hour 
60  hour 


ilglng  of  KosOgF)^  In 


Absorptlon/Wrirm  ,  (  8) 

6300 

3800 

3200 

6380 

4800 

3950 

6380 

4820 

3980 

HOSOgP 


Optical  Dengjfclea 


0.130 

0.175 

0.280 

0.545 

0.210 

0.253 

0.785 

0.280 

0.310 

The  ourves  fjxiioate  that  cation  waa  fonned  in  solution. 
Slnoa  the  poaalbllf.ty  of  reduction  of  l  (m)  could  be  excluded, 
the  formation  of  3^  must  have  resulted  from  disproportionation. 

A  reason  to  doubt  iliat  the  weak  maxlna  for  iCosOgP)^  at  <•'3800  8 
and  -  3200  a  were  due  to  the  ion  is  that  the  ionization 
potential  Is  very  large  to  obtain  the  5^  5i?  configuration.^^ 

The  disproportionation  I(lii)  to  1(1)  and  l(v)  in  euiniric  acid 
has  already  been  di.seussed  by  Masson  and  Argument. 


I.  Masson  and  Arsunent,  J,  Chen.  Soc.  1938.  1702. 

It  has  been  stated  above  that  lOSOgP  reacted  with  carbon 
tetrachloride.  lotlne  (III)  fluorosulfate  also  reacted  when 
dissolved  In  carbon  tetiaohlorlde  and  the  solution  exhibited 
the  absorption  maxima  of  iClj  at  6400  and  3300  8.  The  Infrared 
spectrum  of  the  gateous  product  showed  the  presence  of  COg,  COCI 
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cvideno®  suggestod  thd  reactions: 

41(0502?)^,  ^  ^  ^SgO^Pg  +  300^ 

or  inCoSOgP),  4-  6CCl|j  -  ^ICl3  •»*  ^SgO^Pg  +  SCOCl^ 

The  P^^  nin2‘  spectrum  of  ICOSO^P)^  was  found  to  consist 
of  only  one  sharp  peak  which  laeans  either  that  bridging  fluoro- 
sulfato  groups  Wei's  absent  oj*  that  a  rapid  exchange  occurred* 

In  addition  to  the  proceae  involving  pyrolysis  of 
iCosOgP)^^  two  otl^er  unsucoessful  attempts  were  made  to  prepare 
Iodine  pentafluorcsulfate*  One  method  was  the  reaction  of  iodine 
with  SgO^Pg  in  a  .1:7  ratio  at  temperatures  between  90®  aiKl  130® 

and  the  other  was  the  reaction  of  IF^COSO^F).  with  an  excess  of 
SO5  at  55®. 

EXPERIMENTAL 

The  compounds  SgOgFg  and  SO^Fg  were  prepared  from  sulfur 
trloxide  and  fluorine  by  previously  described  methods A 
reference  sample  of  lPj(0S02P)2  Pwpared  by  the  reaction  of 
I(OSOgF)^  with  FOSOgF  as  described  by  W,  P,  Ollbreath.^  The 

2^  — —  - 

28  ^ers,  J.  Am*  Chem.  Soc., 

26 

W.  P,  Gilbreath*  Ph*D*  Thesis*  Uhlversl^  of  Washington,  1962, 


product  \fB.B  purified  by  repeated  vaciaon  distillation .  Technical 
grade  fluoroaulfurlc  acid  was  purified  by  distillation  in  apparatus 
like  that  of  R,  c.  Bionpson*^^  The  acid  had  a*  3200  8  a  small 
absorption  of  optical  density  0.285.  The  spectrum  was  run 
against  air.  Iodine  (III)  fluorosulfate  xms  prepared  by  the 

reaction  o*  an  excess  of  SgO^p^  with  Ig.  All  other  materials  wore 
of  reagent  grade. 

Haalltcn, 


Infrared  spectra  were  studied  using  a  Perkin- Elmer  Model  21 
infrared  Spectrometer  with  a  sodium  chloride  prism.  Gaseous 
samples  were  contaijied  in  a  10  cm  Monel  metal  cell,  sealed  with 
Teflon-O-nngs  and  equipped  with  silver  chloride  windows.  Nuclear 
magnetic  resonance  spectre  were  obt-ilned  through  the  use  of  a 
Varlan  Model  4311B  Spectrometer  with  a  40  megacycle  oscillator. 

W  and  visible  spectra  were  obtained  with  a  Cary  Model  14  Spectro¬ 
meter.  Glass  stoppered  quartz  cells  with  10  mn  and  20  nm  path 
length  were  used.  All  samples  for  measurements  were  dissolved 
and  poured  into  the  cells  in  a  dry  box.  The  cells  were  cleaned 
by  repeated  preliminary  washing  with  the  solution  to  be  tested. 

All  HSOjP  vmo  distilled  immediately  before  use.  When  observing 
spectra  of  solutions  two  matched  cells  were  used,  one  containing 
the  solution  and  one  the  pure  solvent.  The  observed  absorption 
was,  therefore,  due  to  the  solute  but  nc.  the  solvent. 
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Iodine  was  detenalned  by  titration  with  sodium  thiosulfate 
solution  or  by  the  Volhard  method  following  reduction  to  I*  by 
hydrazine  and  boll  ing  off  the  excess  hydrazine .  Chlorine  was 
determined  by  Volhird's  method  and  sulfur  as  barium  sulfate. 

Iodine  (l)  riuoroBulfate;  A  Pyrex  glass  reaction  vessel, 
consisting  of  a  25  ml  flask  with  a  15  cm  neck  ending  at  a  19/^ 
inner  ground  Joint  tms  used.  Iti©  flask  also  had  a  side  arm  with 
a  breakseal  attach: lent.  Iodine  was  added  and  the  flask  was 
connected  to  a  vacium  line  by  the  ground  Joint.  After  removal 
of  air  and  water  vapor  by  evacuation  the  iodine  was  weighed.  In 
one  typical  experliient  for  which  data  will  be  given  here  the 
Iodine  weighed  645.8  mg.  Peroxydlfulfuryl  dlfluoride^  ^2^6^2* 
(506.3  mg)  was  di8:llled  into  the  flask  from  a  calibrated  trap 
having  an  internal  diameter  of  3  um.  The  volume  of  liquid  in 
the  trap  was  nieasu"«d  frequently  by  a  graph  paper  scale,  and 
finally  the  amount  of  reagent  added  was  determined  precisely  by 
weighing.  The  evaluated  reactor  was  then  sealed  off  and  allowed 
to  stand  at  room  turaperature  for  at  least  eight  hours.  A  black 
solid  was  formed.  The  product  was  then  heated  in  a  water  bath 
at  60°  and  left  fo-  an  hour  while  shaking  from  time  to  time. 

At  this  temperaturn  the  material  was  a  dark  colored  liquid  which 
as  a  thin  film  had  at  first  a  green  to  brown  color.  During  the 
course  of  the  heat,.ng  period  the  color  became  very  dark  brown, 
almost  black.  Ey  cooling  to  room  t«nperature,  the  compound 
solidified  at  once .  After  standing  two  weeks  glittering  crystals 
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had  tomnd*  Whlla  pushing  on  It  at  rooa  taniparatura^  the  coinpound^o 

walght  remlned  aliiost  constant.  Pinal  weight  of  the  product: 

1148.0  n^. 

The  solid  nHfIted  sharply  at  51.5°  under  vacuum.  By 
heating  at  100°  In  high  vacuum  the  lOSOgP  did  not  boll,  but  a 
continued  alow  evolution  of  SlPj^  Indicated  a  wall  reaction.  The 
solid  dissolved  refidlly  in  CClj^  and  CHCl^,  being  less  soluble  In 
the  latUr.  to  glvo  brown  colored  solutions,  m  absorption  maxima 
at  4640  %  and  the  production  of  co^  and  COCl^  indicated 

solvent  interaction.  An  lodometrlc  titration  of  the  solid  using 
sodium  toloaiUfate  gave  a  value  of  I.990  oxidizing  equivalents 
per  mole  of  lOSOgP,  corresponding  to  an  oxidation  state  of  O.995 

for  iodine  in  the  coapound,  l  found  by  Volhard  method  55.9)^; 
calculated,  56. 16^;, 

ftdlodlne  Kuoroeulfate,  (l30S0gP)i  Iodine  (I.2619  g) 

Sg^gPg  (0.2958  g)  at  a  molar  ratio  of  5020:1  were  allowed  to 
react  in  a  vessel  like  ^hat  described  above.  An  atmosphere  of 
dry  air  was  present  to  reduce  the  evaporation  of  iodine  from 
the  reacting  mixture.  After  warming  to  room  teo^erature,  a  black- 
brown  solid  was  foxmed.  By  heating  to  6o°,  a  part  of  the  material 
melted  to  a  black  liquid.  Solid  2iiBtenal,  probably  unreacted 
iodine,  remained.  When  the  tenperature  was  raised  slowly,  at 
v5  the  ll^d  and  solid  reacted  quite  vigorously,  with  some 
evaporation  of  iodine  forming  big  lumps  of  a  dark  brown  solid.  By 
cooling  to  liquid  cxygen  tenperature,  the  lumps  broke  up  into  a 
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very  fine  powder.  Exceee  iodine  was  removed  by  pumping  at  room 
teraperetui'e  for  12  hours.  The  volatile  product  contained  only 
traces  of  SgO^Pg  and  SIP^^.  After  reaching  constant  v/eight  the 
solid  weighed  1.4^05  G  (calculated  for  I^OSO^F,  1.43>0  g).  The 
solid  melted  at  92®  In  a  sealed  tube  but  with  3lo\^  decoii?>ositlon 
liberating  iodine.  It  was  extremely  h^*groscopio  cmd  hydroli'cls 
by  water  vapor  produced  glistening  crystals  of  iodine  on  the 
surface  of  the  solid.  It  dissolved  in  H^SOi,  very  readily 
to  give  a  dark  bro,m  aolution. 

Dichlorof luoroBulfetoiodine  ( III ) i  1.4241  g  of  lOSO^F 

was  transferred  to  a  trap.  The  trap  was  chilled  and  approximately 
5  ml  of  liquid  chlorine  was  added  by  distillation.  The  mixture 
was  then  held  at  -50®  in  a  trichloroethylene  bath  and  stirred 
vTlth  a  magnetic  stirrer.  A  yellow  solid  formed.  After  8  hours 
the  black  color  of  lOSO^F  had  disappeared  completely.  The  mixture  was 
then  x^rarmed  to  rocra  temperature  while  alloifing  the  excess  chlorine 
to  distil  axray.  Iho  last  of  the  free  chlorine  was  removed  by 
pumping  for  10  minutes.  The  r^naining  product  changed  in  color 
to  orange^  and  parts  of  it  melted  to  an  orange-red  oil*  The 
last  solid  melted  oetween  5^-35® •  Open  cooling  to  25°  most  of 
the  material  froze.  By  cooling  long  needle-like  crystals  mre 
formed.  The  material  dissolved  in  water  foming  a  yellow  solution. 

I  found  45. 39/'^,  calculated  for  IClgSO^P,  42.75;^;  Cl  found 
25.45ij,  calc.  25.83^:;  S  found  ll.ljf^,  calc.  10.81,5,  Total  xv’clght 
1.3805  gj  calculatid  1,8710  g. 
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An  •qulmclar  mixture  of  iodine  (l)  and  loding  (III) 
fluorogmlfat<8  was  produced  by  the  reaction  of  0.6677  g  of  iodine 
with  1.0596  g  of  SgO^Fg  at  room  temperature  but  with  final  heating 
at  60®  for  an  hour.  Ihe  product  was  a  viscous  dark  green  oil 
which  was  liquid  at  20®  and  gave  only  a  single  peak  in  its  nmr 
spectrum. 

Pyrolysis  of  l(OSOgP)^}  6.55  g  of  iCosOgF)^  was  decomposed 
In  a  closed  system  under  vaowm  end  at  a  temperature  between  80® 
to  90®  over  a  period  of  120  hours.  The  color  changed  from 
yellow  through  light  green  to  dark  green  to  black.  The  volatile 
fraction  distilled  away  and  condensed  in  a  trap  at  -I85®.  The 
decoB^osltlon  was  found  to  occur*  but  only  very  slowly*  at  30®. 

The  black  residue  dissolved  In  fluorosulfurlc  acid  giving  a  blue- 
green  color*  Indicating  an  Is^ure  saiqple  of  lOSOgF.  The  volatile 
fraction  contained  sulfur  trloxlde  and  two  volatile  I(V)  compounds* 
one  of  which  was  a  colorless  liquid  at  25®  and  one  a  white  solid* 
the  latter  being  present  only  in  small  aiBO\int.  The  sulfur  tri- 
oxlde  was  distilled  off  under  high  vacuum  at  -20®  to  0®  over 
20  hours.  The  liquid  Iodine  (V)  compound  then  distilled  over  at 
10®  over  a  period  of  2  or  5  days  leaving  i»ost  of  the  \d\lte  solid 
behind.  By  distillation  at  10®  the  white  solid  eoiad  be 
only  partially  retained;  to  get  a  good  separation*  the 
distillation  had  to  be  repeated  4  times.  Analysis  of  the  white 
solldi  Iodine*  19*37  ^  and  sul!fur  23*61  Calculated 
for  l(OSOgF)^:  Ig  •  20.593#  sulfur  25*77*  Although  this 
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Indlcufceo  tliat  the  solid  moir  have  been  l(OSOgP}f-^/  the 
•vldenoe  does  not  constitute  a  proof  of  the  existence  of  the 
oooQDound*  Hore  work  is  needed.  After  3  distil lationo,  1*3386  g 
of  the  colorless  liquid  was  obtained.  Iodine  found  34*03/^r 
calc,  for  IP^CsOjP'lg#  33*22r^.  The  compound  was  distilled  Into 
an  nnir  tuhe.  The  nmr  spectrum  at  40  megacycles  like  that 
1  of  Rober1:s  and  Cady^  consisted  of  a  ahazi>  signal  for  fluorine, 

bcnnd  to  trulfur  and  a  broad  signal,  caused  by  fluorine  attached 
to  iodine#  The  sejiaration  was  31*8  ppm  contrasted  to  30.6  for 
Roberts  and  Cady^,  and  relative  areas  under  tne  peaks  in  the 
spectrum  mve  abou':  3*8  to  2  as  compared  to  4.3  to  2  found  by 
Roberts  and  Cady^.  The  broad  fluorine  signal  was  resolved  at 
approxlmatsly  -lO^  into  two  different  peaks  of  a  separation  of 
132  ops  and  a  ratio  of  the  areas  of  It 2.  At  approximately  40^ 

>  the  peak  for  fluorfJie  attached  to  iodine  was  more  sharp  than 

at  25®. 

Atteqpts  to  Prepare  ICOSO^P}^.  Unsuccessful  atteiipts  were 

made  by  two  methods  to  prepare  iodine  (V)  fluorosulfate.  In  one 
procedure  iodine  was  allowed  to  react  with  S20^F2  in  relative 
proportions  of  about  1  to  7  at  95®,  115®  or  130®.  Oxygen  and 
S20^P2  were  found  na  products.  After  removal  of  the  volatile 
substances,  a  yellow  material  remained  in  x^hich  the  oxidation 
state  of  i«>dine  wat)  close  io  3  and  the  ratio  of  fluorosulfate  to 
iodine  (a3  shown  by  the  ratio,  weight  of  product  to  x^eight  of 
iodine)  xma  from  2?1  to  3*1.  When  the  reaction  occurred  at  6o® 
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in  art  ninr  tuba,  evtsn  aft#r  72  hours  the  principal  product  was 
ICOSO^P)^  and  the  excess  deeooposed.  In  the  second 

procedure  a  mlxtui^e  of  sulfur  trioxide  with  IP^COSCgF)^  In  a 
iQolar  ratio  of  7  to  1  was  held  at  50  to  55^  for  several  hours, 

A  yellow  oil  was  produced  in  which  the  oxidation  state  of  iodine 
was  5  but  the  weight  was  nruch  less  than  for  iodine  (V)  fluoro- 
sulfate.  Ihe  products  included  S20^p2  and  S^0^P2  (^<^aritified  by 
infrared  spectra).  Vfhen  the  reactants  were  held  together  in  an 
nnr  tube  for  eight  daya  the  final  apectrm  indicated  that  a  part 
of  the  fluorine  originally  bound  to  iodine  had  been  removed  but 
that  the  number  of  SO^P  groups  attached  to  iodine  had  not 
increased.  Probably  an  iodine  (V)  oxyfluoroeulfate  was  fomwd, 

Acknowledgementr 

The  authors  appreciate  the  aaalstance  of  B,  J»  Niat  for 
running  nor  spectra  and  thank  Professor  Howard  Clark  of  the 
TJhiverslty  of  British  Columbia  for  hia  asalatanoe  in  using  a 
Oouy  balance  at  that  institution. 


0  H 


00^ 

L— 


seoo  nix  450jj 


woo  swo”  iooo 


I 
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Only  a  few  inorganic  conpoxinds  are  known  which  contain 
the  lOg  gro\ip.  Muir^  prepared  an  addition  compound,  I20^*2S0^, 

P.  P.  Muir,  J.  Chem.  Soc.,  656  (1909). 

which  was  later  fonnulated  as  (XOg)^  presumed  to 

contain  the  cation  lO^.  However,  recent  work  of  Gillespie  and 
Senior^  on  solutions  of  HIO^  in  H^SOi^  gave  no  evidence  for  10^ 

o 

H.  A*  Lehmann  and  H.  Hesselbarth,  Z.  Anorg.  Allgem.  Chem.,  299# 
51  (1959). 

^R.  J.  Gillespie  and  J.  B.  Senior,  Inorg.  Chem.  2*  ^^0  (1964), 

cations.  Conductometric  and  cryoscopic  measurements  indicated 
that  XO^HSOj^  was  present  in  a  solvated  and  polymeric  form, 
lodyl  fluoride  has  been  reported  not  to  combine  with  sulfur 
trioxide  to  form  iodyl  fluorosulfate. 

4 

£.  E.  Aynsley,  R.  Nichols  and  P.  L.  Robinson,  J.  Chem.  Soc., b23 
(1953). 

^M.  Schmeisser  and  K.  Lar^,  Angew.  Chem.,  136  (1955). 

^E.  E.  Aynsley  and  S.  Sampath,  J.  Chem.  Soc.,  3099  (1959). 
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Peroxydlaulfuryl  dlfluoride  ,  a  substance  known  to  be 

8  Q 

a  good  reagent  for  preparing  fluorosul fates  has  now  been 

^P.  B.  i>udley  and  0-  H.  Cady,  J,  Am.  Chen.  Soc.,  22*  513  (1957). 
®J.  E.  Roberts  and  0,  H.  Cady,  Ibid,  82,  353  (I960). 

^J.  M.  Shreeve  and  0.  H.  Cady,  Ibid,  §2,  ^521  (1961). 

used  to  prepare  lodyl  fluorosulfate  from  Iodine  pentoxlde.  Ihe 
Iodine  pentoxlde  was  flrnt  dried  at  130°,  pulverized  and  placed 
in  a  flat  bottom  reaction  flask  containing  a  Teflon  coated 
stirring  bar.  The  flask  had  a  side  arm  ending  at  a  break^soal 
and  a  neck  ending  at  a  ground  Joint  by  which  It  could  be 
attached  to  a  vacuum  line.  A  large  excess  of  peroxydlsulfuryl 
difluorlde,  S20gF2,  was  transferred  to  the  flask  by  distillation, 
then  the  neck  of  the  flask  was  sealed  shut  while  the  vessel  \?aB 
cold  and  evacuated.  Hie  flask  was  then  allowed  to  stand  at 
room  temperature  for  a  week.  During  the  first  part  of  this 
period  the  formation  of  bubbles  of  a  gas  (later  shmm  to  be 
oxygen)  was  observed.  After  the  foxnatlon  of  bubbles  had  stopped, 
the  vessel  was  held  at  65°  for  two  hours  while  stirring.  As 
the  reaction  occurred,  the  white  l20^  disappeared  and  was  replaced 
by  a  solid  powder  having  a  light  yellow  color.  Finally  the 
reactor  was  attached  to  the  vacuum  line  through  the  side  arm 
and  the  excess  of  'fas  distilled  away  through  the  break- 

seal  Into  an  evacuated  cold  trap.  Prom  1.1056g  of  12©^  the 
weight  of  the  solid  product  obtained  tms  1.6995g.  (Theoretical 


for  lO^SO^P,  1.7060g«)  The  oxidation  stata  of  iodine  in  the 
coopouTKi  iTas  found  to  be  five  (3 *04  observed)  as  shovm  by  a 
Volhard  determination  of  iodine  and  an  iodometrio  detenaination 
of  the  oxidizing  capacity. 

Pound:  I,  48.9;'  ;  S,  12 .8;^  . 

Theoretical  for  lOgSO^P:  I,  49.19,1  ;  s,  12.43,'  . 

The  reaction  involved  in  the  preparation  was  120^  <¥ 

-  2IO2SOJP  ♦  I  Og. 

The  ZOgSO^P  was  a  pale  yellow*  very  hygroscopic  powder 
idiich  vras  stable  up  to  100^.  At  120^  it  reacted  slowly  with 
^>he  glass  container  producing  SiFj^*  SO^  and  a  colorless  oil 
(probably  IF^CSO^P)^)  containing  32*6,^  I.  (iheoretical  for 
IF^CSO^P)^*  32.2',^.)  nie  above  products  distilled  away  under 
vacuum  as  the  reaction  occurred.  A  bright  yellow  material 
remained  behind  in  the  reactor. 

lodyl  fluoroBulfate  reacted  with  the  solvent  when 
dissolved  in  CFCl^*  CHCl^  or  CCl^.  Chlorine  was  produced  even 
at  room  tenperature  and  the  color  changed  from  yellow  to  orange 
to  red.  Ihe  resulting  solution  had  absorption  maxima  at  4600 
and  3300  %  corresponding  to  ICl  and  Clg.  An  infrared  spectrum 
of  the  volatile  products  indicated  SgO^Pg*  COClg  and  COg.  Ihis 
behavior  with  the  aoove  solvents  resembles  Uiat  of  ISO^F  and 
I(SO^P)^.^^  lodyl  fluorcsulfate  was  substantially  insoluble 
in  fluoro sulfuric  acid  but  it  dissolved  readily  with  hydrolysis 
in  water*  the  iodine  remaining  in  the  (v) oxidation  state. 


P.  Aubke  arid  0.  H«  Cady*  Ihis  Journal 
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Finely  crushed  lOgSO^P  was  packed  into  a  0*5  na 
Llndeniiann  glass  capillary  Inside  a  dry  box.  The  tube  was 
sealed  with  halcarbon  wax  and  after  removal  from  the  dry«box 
was  mounted  in  a  large  standard  Philips  powder  camera 
(radius  •  57.2956  nm)  having  the  conventional  Straumanls 
arrang^oent*  After  a  twolvt-hour  exposure  using  nickel 
filtered  copper  X-radiation  (X„  m  1,54178  %),  over  forty  nine 
lines  were  observed  and  measured  to  within  O.05  nm.  A  second 
exposure  of  two  hours  xfas  also  made.  The  camera  was  cali¬ 
brated  with  a  thirty-minute  exposure  of  a  standard  (sodium 
chloride >  a  5*65874  %)»  Calculations  showed  the  ccjoera  to 
have  an  effective  radius  of  57.206  ±  0.027  me.  Using  the 
now  oallb£*ated  I02S0^P  intense  lines  in  the  two-hour  exposure, 
the  twelve-hour  exposure  powder  spectrum  was  measured  and  the 
radius  correction  applied.  The  results  are  listed  in  Table  I. 

A  sample  of  solid  1^0^  gave  a  different  powder  spectrum  and 
agreed  with  ASTM  Inorganic  X-ray  Powder  Pile  1962,  p.  99, 

No.  1-0692. 
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TABLE  I 


<3  Spaclngs  Prom  Linas  in  X~ray  Powder  Photograph 


X 

Intensity 

i 

Intonsi^ 

% 

Intensity 

% 

8.051 

H 

2.596 

L 

1.785 

M 

1.351 

6.501 

H 

2.532 

L 

1 .737 

L 

1.331 

5.238 

M 

2.376 

L 

1.710 

L 

1.296 

4.108 

L 

2.335 

L 

1.673 

L 

1.268 

4.016 

M 

2.256 

L 

1.629 

L 

1.248 

3.556 

H 

2.153 

L 

1.593 

L 

1.218 

3.262 

L 

2.124 

1.566 

L 

1.205 

3.127 

L 

2.064 

L 

1.561 

L 

1,190 

2.917 

L 

1.974 

L 

1.528 

L 

1.163 

2.827 

L 

1.934 

L 

1.482 

L 

1.141 

2.694 

M 

.1.893 

L 

1.457 

L 

1.134 

2.663 

L 

1.815 

L 

1.423 

L 

1,128 

1.078 

H  ■  High  intensity 
M  »  Medlion  intensity 
L  •  Light  intensity 


Intensity 


L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 


